Introduction
============

Endometrial carcinoma is one of the most common malignancies of the female genital tract in developed counties, with its life time risk estimated at 2--3% ([@b1-ol-0-0-11690],[@b2-ol-0-0-11690]). Endometrial carcinomas are sporadic in 95% of cases, while ≤5% of cases is associated with a hereditary predisposition, especially when presenting in younger patients ([@b3-ol-0-0-11690]). Predisposing factors of the sporadic cases include hypertension, diabetes mellitus, late menopause, oestrogen replacement treatment and obesity. The most common symptom that leads to its diagnosis is postmenopausal vaginal bleeding. There are various histological subtypes of endometrial adenocarcinomas, including endometrioid, papillary serous and clear cell adenocarcinomas.

Endometrial carcinomas have been categorized into two major groups: Type I and type II carcinomas. The most common form of type I endometrial carcinoma is endometrioid adenocarcinoma, an oestrogen-dependent neoplasm that usually arises soon after menopause. Endometrioid adenocarcinomas also develop from endometrial hyperplasia in up to 80% of cases. The most common type II endometrial carcinoma is papillary serous adenocarcinoma, which is an oestrogen-independent neoplasm that develops in the atrophic endometrium, presents in elderly postmenopausal women and is associated with an aggressive behaviour and poor prognosis ([@b3-ol-0-0-11690]--[@b8-ol-0-0-11690]).

Endometrial cancer is successfully treated with hysterectomy and bilateral oophorectomy. Risk factors in dilation and curettage histological specimens include high-grade tumors or serous papillary or clear cell adenocarcinomas. Suggestive risk factors in MRI include tumor invasion greater than one-half of the myometrial thickness and/or involvement of pelvic lymph nodes. Therefore, when risk factors are present, then extensive surgery and postoperative radiotherapy are required. These patients might also benefit from new targeted therapies ([@b9-ol-0-0-11690]). Early-stage endometrial carcinomas result in favourable prognosis and excellent survival rates, with a 5-year overall survival of 75--90%. However, women with more advanced or recurrent disease tend to have an extremely poor clinical outcome, with a 5-year survival rate of only 10--30% ([@b3-ol-0-0-11690]--[@b8-ol-0-0-11690]).

Understanding the pathogenesis of endometrial carcinomas, particular at the molecular and cellular levels via the identification of genetic alterations, such as mutations, gene expression or dysregulation of apoptotic cell death, is essential for recognizing useful biomarkers for early tumor diagnosis and new therapies using target genes. An example of the involvement of apoptosis in carcinogenetic development is the permanent expression of survivin in various human malignancies by blocking the action of caspase-3 and caspase-7, which are proteases and effectors of cell death ([@b10-ol-0-0-11690]--[@b13-ol-0-0-11690]). Survivin is a unique member of the inhibitor of the apoptosis protein family, which regulates the anti-apoptotic activity of the v-Rel and nuclear factor-κB transcription factor families ([@b13-ol-0-0-11690]). It plays essential roles in mitosis, cellular stress response and inhibition of programmed cell death induced by both extrinsic and intrinsic apoptotic stimuli ([@b14-ol-0-0-11690]). The survivin protein is present in large amounts of fetal tissues and absent in most normal adult differentiated tissues ([@b15-ol-0-0-11690]). Survivin overexpression is linked to tumor progression, metastasis and increased rates of recurrence, treatment resistance and unfavorable prognosis in different types of cancer ([@b14-ol-0-0-11690],[@b16-ol-0-0-11690]--[@b20-ol-0-0-11690]). The survivin protein comprises 142 amino acids and has a molecular weight of \~16.5 kD ([@b21-ol-0-0-11690]). The gene encoding the survivin protein is BIRC5 which, in humans is located on chromosome 17q25 and encodes an mRNA that is divided into 4 exons and 3 introns ([@b22-ol-0-0-11690]). There are 5 different transcript isoforms of the human gene encoding survivin: survivin, survivin 2A, survivin 2B, survivin DEx2 and survivin 3B ([@b23-ol-0-0-11690]). Survivin is located in the nucleus, cytosol and mitochondria. In the nucleus, survivin shows its mitotic role. In response to apoptotic stimulus, survivin is transported from the mitochondria to the cytosol, where it exerts its anti-apoptotic potential ([@b24-ol-0-0-11690]). Survivin is regulated by a variety of oncogenes and tumor suppressor genes, including the phosphatidylinositol 3-kinase (PI3K)/mTOR pathway genes ([@b14-ol-0-0-11690]). The survivin and phosphatase and tensin homolog (PTEN) proteins are both thought to be inverse factors of apoptosis ([@b25-ol-0-0-11690]). Guha *et al* ([@b26-ol-0-0-11690]), found that the expression of tumor suppressor gene PTEN silences the expression of survivin in tumor cells, independently of the p53 pathway. In addition, Kim *et al* ([@b27-ol-0-0-11690]) reported that the inhibition of the PI3K/AKT pathway down-regulates survivin in neuroblastoma. Moreover, Sui *et al* ([@b28-ol-0-0-11690]) found that PTEN expression is negatively associated with survivin expression in the development and progression of ovarian cancer. In addition to all these findings, there has been evidence that the transcription of survivin is partially under the control of the p53 protein. Indeed, it has been found that wild-type p53 actively suppresses survivin expression ([@b29-ol-0-0-11690]--[@b31-ol-0-0-11690]). The findings of Kannangai *et al* ([@b32-ol-0-0-11690]), supported the role of p53 in regulating survivin expression by demonstrating an association between the abnormal nuclear accumulation of p53 and the overexpression of survivin in hepatocellular carcinomas, as determined by immunohistochemical analysis. Cohen *et al* ([@b15-ol-0-0-11690]), found that there was a significant positive correlation between nuclear survivin expression and mutant p53 in ovarian carcinoma. In a study published by the Polish Ovarian Cancer Group, the high nuclear expression of survivin was found to be a favorable predictor of progression-free survival and increased platinum sensitivity in patients with a positive p53 expression ([@b33-ol-0-0-11690]). In addition, Gąsowska-Bodnar *et al* ([@b34-ol-0-0-11690]) found that a high survivin expression could be a favorable prognostic factor in ovarian carcinomas, especially in the group of patients with a positive p53 expression. On the other hand, Gonzalez *et al* ([@b35-ol-0-0-11690]) found that high expression levels of survivin in combination with high expression levels of p53 were associated with an increased risk of local tumor progression in urothelial carcinomas of the bladder. These findings raise the question of whether there is a strong correlation between the concomitant protein expression of survivin, PTEN and p53 in endometrial carcinomas with remarkable clinical significance. However, the findings regarding endometrial carcinomas are not consistent so far in the international literature. Pallares *et al* ([@b36-ol-0-0-11690]), found that survivin expression was statistically significantly correlated with a decreased PTEN expression, while Erkanli *et al* ([@b37-ol-0-0-11690]) did not identify any such correlation.

Since the findings in the literature are conflicting with respect to the prognostic value of survivin expression in endometrial carcinomas, in the present study, immunohistochemical staining was performed to investigate the distribution of survivin expression in primary endometrial carcinomas from Greek patients who underwent surgery and the survivin protein expression levels were analyzed in association with well-established clinicopathological prognostic factors ([@b16-ol-0-0-11690],[@b36-ol-0-0-11690]--[@b42-ol-0-0-11690]). Furthermore, in order to gain better insight into the synergistic function of survivin with tumor suppressor genes, the effects of PTEN and p53 expression, which had been previously evaluated by immunohistochemical analysis ([@b43-ol-0-0-11690]), were investigated on the expression of survivin in endometrial carcinomas. The main goal was to analyze the co-expression of survivin, PTEN and p53 using traditional clinicopathological prognostic factors and assess their prognostic value, as such evidence has still not been fully elucidated in the literature. Finally, in the current study, the frequencies of p53, PTEN and survivin were compared in women with normal, hyperplastic and carcinomatous endometria. An attempt was also made to determine the survivin expression differences between normal, hyperplastic and carcinomatous endometria when survivin was concomitantly expressed with PTEN or p53 in order to investigate the mechanisms of endometrial carcinogenesis.

Materials and methods
=====================

### Case selection

Tissue analysis was randomly performed on paraffin-embedded blocks of surgically resected tissues from 99 patients with primary endometrial carcinomas, who underwent surgery between 2006 and 2015, and had previously undergone evaluation for PTEN and p53 expression using immunohistochemical analysis ([@b43-ol-0-0-11690]). Samples were also obtained from 15 patients with normal endometria and 15 patients with endometrial hyperplasia. All patients included in this study at the time of data collection provided informed consent for the use of their data, as well as surgical specimens that remained following pathological diagnosis, in this study. The study was approved by The Ethical Committee of the Medical School of the Kapodistrian University of Athens, (Athens, Greece). The following histopathological parameters were determined: Histological type and grade, clinical stage, depth of myometrial invasion, lymph-vascular space invasion, fallopian tube and/or ovarian invasion, and presence of tumor necrosis.

### Histological analysis and immunohistochemistry

For histological examination, endometrial carcinomas were routinely fixed with formalin and embedded in paraffin. Sections cut at a thickness of \~4 µm, which included sufficient quantities of endometrial carcinoma mass, were mounted on silane-coated glass slides. Hematoxylin and eosin staining was performed.

Unstained slides containing endometrial carcinoma sections from each patient were used at the same time to investigate the immunohistochemical expression of p53, PTEN and survivin. For immunohistochemical analysis, sections of the formalin-fixed 5-µm thick sections were cut from the paraffin-embedded endometrial carcinoma specimens. The following primary antibodies were used: Monoclonal rabbit anti-survivin antibody (Cell Signaling Techology Inc.), mouse monoclonal anti-p53 antibody (clone DO-7; Thermo Fisher Scientific, Inc.) and monoclonal PTEN (clone MMAC; Novocastra). Deparaffinization, rehydration and epitope retrieval was performed using the PT link system (Agilent Technologies Inc.). The pretreatment Module buffer (100X citrate at pH 9.0) was used for 1 h. The slides were rinsed in gently running followed by distilled water. The slides were immersed into 3.3% H~2~O~2~ for 10 min in the dark, washed with tap water followed by distilled water and buffer, and incubated with the appropriate monoclonal antibody. Slides were washed extensively in buffer. Horseradish peroxidase-polymer secondary antibodies (Agilent Technologies, Inc.) were used for a 30-min incubation. 3′,3′-Diaminobenzidine was used as a chromogen and the slides were incubated for 5 min. The sections were counterstained in Meyer\'s hematoxylin, washed again and dehydrated with ethanol and xylene prior to mounting. The dilutions used for the primary antibodies were 1:200 for p53, 1:100 for PTEN and 1:400 for survivin.

No significant differences in immunoreactivity were identified when comparing sections from older paraffin blocks with others from recent blocks, suggesting that activated survivin immunoreactivity is well presented in paraffin-embedded tissues. The fraction of the positively stained tumor cells was scored following the examination of 20 high-power fields (magnification, ×400) of endometrial adenocarcinomas. The scores for the immunohistochemical expression of survivin, p53 and PTEN were classified into the following 4 categories, according to the percentage of the positive staining area in relation to the whole carcinoma area: 0, \<5% Immunopositive cells; 1, 5--25% immunopositive cells (low scores); 2, 25--75% immunopositive cells (moderate scores); 3, ≥75% immunopositive cells (high scores). Cases with ≥5% positive endometrial carcinoma cells were defined as positive, and all other cases as negative.

The intensity of survivin staining in every stained slide was assessed as red-brown staining and classified into the following 4 categories: 0, Absent; 1, weak (faintly perceptible staining); 2, moderate staining; 3, strong staining (corresponded to staining intensity similar to that seen in positive control tissue sections).

In every stained slide, the scores of immunohistochemical expression of survivin, p53 and PTEN, and their staining intensity was then combined to produce the final sum of immunohistochemical expression, which was classified into the following 4 categories: --, (0); +, ([@b1-ol-0-0-11690]--[@b2-ol-0-0-11690]); ++, ([@b3-ol-0-0-11690]--[@b4-ol-0-0-11690]); +++, ([@b5-ol-0-0-11690]--[@b6-ol-0-0-11690]).

Since endometrial adenocarcinomas showed heterogeneous staining, the dominant pattern was used for scoring. Overall the exclusively nuclear localization of survivin protein was identified in all survivin-positive cases. The immunohistochemical staining for survivin is shown in [Figs. 1](#f1-ol-0-0-11690){ref-type="fig"} and [2](#f2-ol-0-0-11690){ref-type="fig"}. The slides were scored independently by 2 pathologists who were unaware of the clinicopathological data.

### Statistical analysis

Categorical variables are presented as absolute (n) and relative (%) frequencies, while continuous variables are presented as medians (min, max). Associations between categorical variables were assessed by exact Pearson\'s χ^2^ test. To investigate whether the median levels of a quantitative variable differed between 2 groups, the Mann-Whitney test was used, while for ≥3 groups the Kruskal-Wallis was used (with Dunn test for post hoc analysis). Finally, to investigate correlations between 2 parameters, Spearman\'s correlation coefficient was used. Statistical significance was set at a two-tailed P\<0.05. Data were analyzed using IBM SPSS Statistics, v25.0 (IBM Corp.).

Results
=======

### Clinicopathological and immunohistochemical study of endometrioid, papillary serous and clear cell endometrial adenocarcinomas

The clinicopathological data of our study was previously described and reported ([@b43-ol-0-0-11690]). The specimens included 20 endometrioid endometrial carcinomas of histological grade 1 (G1), 47 of G2 and 19 of G3, as well as 13 papillary serous carcinomas or clear cell carcinomas. A total of 68 tumors were clinical stage I, 15 stage II and 5 stage III. The correlation between survivin immunohistological expression (score, intensity and sum of score and intensity) and clinicopathological parameters, such as tumor grade, clinical stage and depth of myometrial invasion was evaluated.

The survivin immunohistochemical expression scores were not statistically significant, as compared to the mean age of patients (P=0.121), depth of myometrial invasion (P=0.255), fallopian tube and/or ovarian invasion (P=0.073) and histological types (P=0.241; [Table I](#tI-ol-0-0-11690){ref-type="table"}).

There was, however, a statistically significant correlation between clinical stage and immunohistochemical survivin expression scores (P\<0.001; [Table I](#tI-ol-0-0-11690){ref-type="table"}). Among those with a 5--25% survivin staining pattern, 29 were classified as clinical stage I (93.5%), and 2 as clinical stage II (6.5%). Among those that exhibited a 25--75% survivin staining pattern, 32 were classified as clinical stage I (76.2%), 9 as clinical stage II (21.4%) and 1 as clinical stage III. Finally, among those with a survivin staining pattern of \>75%, 1 was classified as clinical stage II (33.3%) and 2 as clinical stage III (66.7%). Earlier clinical stages were associated with lower survivin-positive immunostaining counts, while higher clinical stages were associated with medium/higher survivin-positive immunostaining counts. [Fig. 3](#f3-ol-0-0-11690){ref-type="fig"} shows the survivin immunohistochemical expression in different clinical stages of endometrial carcinomas, while [Fig. 4](#f4-ol-0-0-11690){ref-type="fig"} shows the moderate and high scores of survivin immunohistochemical expression.

There was a statistically significant correlation between histological grades and scores of immunohistochemical survivin expression (P\<0.001; [Table I](#tI-ol-0-0-11690){ref-type="table"}). Among those with a 5--25% survivin staining pattern, 11 were classified as G1 (31.4%), 22 as G2 (6.5%) and 2 as G3 (5.7%). Among those with a 25--75% survivin staining pattern, 7 were classified as G1 (14.3%), 23 as G2 (46.9%) and 19 as G3 (38.8%). Finally, all 3 patients with a survivin staining pattern \>75% were classified as G3 (100.0%). Lower grade levels were associated with lower survivin-positive immunostaining counts than expected, while higher grade levels were associated with medium/higher survivin-positive immunostaining counts than expected.

Furthermore, there was a statistically significant correlation between lymph-vascular space invasion and scores of immunohistochemical survivin expression (P=0.040; [Table I](#tI-ol-0-0-11690){ref-type="table"}). Among those with a 5--25% survivin staining pattern, 3 had a lymph-vascular space invasion (15.8%), while there was an absence of lymph-vascular space invasion in 16 patients (84.2%). Among those with a 25--75% survivin staining pattern, 6 exhibited lymph-vascular space invasion (17.1%) and 29 did not (82.9%). Finally, 2 cases with a \>75% surviving staining pattern exhibited lymph-vascular space invasion (100.0%). The presence of lymph-vascular space invasion was associated with higher survivin positive immunostaining counts, while the absence of lymph-vascular space invasion was associated with medium/lower survivin-positive immunostaining counts than expected.

A statistically significant association was observed between the presence of tumor necrosis and immunohistochemical survivin expression scores (P=0.017; [Table I](#tI-ol-0-0-11690){ref-type="table"}). Among those with a 5--25% survivin staining pattern, 2 had tumor necrosis (11.1%) and 16 did not (88.9%). Among those with a 25--75% survivin staining pattern, tumor necrosis was present in 3 cases (9.7%) and absent in 28 cases (90.3%). Finally, tumor necrosis was absent in 2 cases with a \>75% survivin staining pattern (100.0%). The presence of tumor necrosis was associated with higher survivin-positive immunostaining counts, while its absence was associated with medium/lower survivin-positive immunostaining counts.

Out of 99 cases, 43 (43.4%) exhibited a strong survivin expression intensity and 44 (44.4%) a moderate one. The survivin expression intensity was marginally associated with the patient\'s age (P=0.051; [Table II](#tII-ol-0-0-11690){ref-type="table"}). Specifically, the patients with a strong survivin expression intensity had a median age of 65 years (range, 53--90), while those with a moderate survivin expression had a median age of 62 years (range 42--85).

The intensity of survivin expression was statistically significantly associated with the histological type of the endometrial carcinomas (P=0.049; [Table II](#tII-ol-0-0-11690){ref-type="table"}). A strong positive expression was observed in 35 (81.4%) cases of endometrioid carcinomas and in 8 (18.6%) cases of clear cell or papillary serous adenocarcinomas. The corresponding frequencies for moderate expression were 42 (95.5%) and 2 (4.5%) respectively.

In addition, survivin expression intensity was statistically significantly associated with histological grade (P=0.001; [Table II](#tII-ol-0-0-11690){ref-type="table"}). Among cases with a strong positive expression, 4 (9.3%) were histological G1, 20 (46.5%) G2, and 19 (44.2%) G3. The corresponding frequencies for moderate survivin expression were 14 (31.8%), 25 (56.8%) and 5 (11.4%) respectively. Lower grade levels were associated with a moderate survivin expression, while higher grade levels with a stronger survivin expression.

Moreover, the histological types of endometrial carcinomas and the intensity of survivin staining were statistically correlated (P=0.049; [Table II](#tII-ol-0-0-11690){ref-type="table"}). In cases with a strong positive survivin expression, 35 cases had endometrioid carcinomas (81.4%) and 8 had clear cell and papillary serous carcinomas (18.6%). On the contrary, in cases with a moderate positive survivin expression, 42 had endometrioid carcinomas (95.5%) and 2 had clear cell and papillary serous carcinomas (4.5%). Endometrioid carcinomas were associated with a more moderate survivin expression, while clear cell and papillary serous endometrial carcinomas were associated with a stronger survivin expression.

In addition, the depth of myometrial invasion and survivin staining intensity were statistically correlated (P=0.003). Among the 43 cases with a strong survivin expression, 21 (47.7%) had a depth of myometrial invasion of \<50% of the thickness of the myometrium, while 23 (52.3%) had a depth of ≥50% of the myometrial thickness. Among the 44 cases with moderate staining, 7 (16.3%) had a depth of myometrial invasion of \<50% of the myometrial thickness, while the other 36 (83.7%) had a depth of myometrial invasion of ≥50% of the myometrial thickness. Moderate survivin expression intensity was associated with a lower myometrial invasion, while strong survivin intensity with a deeper myometrial invasion.

Moreover, clinical stage and survivin staining intensity were statistically significantly correlated (P=0.012; [Table II](#tII-ol-0-0-11690){ref-type="table"}). Among the cases with a strong survivin expression, 25 were clinical stage I (67.6%), 9 in stage II (24.3%) and 3 in clinical stage III (8.1%). The corresponding frequencies of moderate intensity were 36 (92.3%), 3 (7.7%) and 0 (0.0%), respectively. Moderate survivin expression was associated with earlier clinical stages, while strong survivin expression with advanced clinical stages.

The lymph-vascular space invasion and the intensity of survivin staining were also statistically significantly correlated (P=0.002; [Table II](#tII-ol-0-0-11690){ref-type="table"}). The 23 cases (100.0%) with a moderate survivin staining intensity did not exhibit lymph-vascular space invasion. Among the cases with a strong survivin staining intensity, 22 (66.7%) did not exhibit lymph-vascular space invasion, while the other 11 (33.3%) did. Lymph-vascular space invasion was associated with strong survivin staining, while the absence of lymph-vascular space invasion with moderate survivin staining.

No statistically significant association was identified between survivin staining intensity and the presence of tumor necrosis (P=0.112) or fallopian tube and/or ovary invasion (P=0.097), although the results were suggestive of fallopian tube and/or ovary invasion ([Table II](#tII-ol-0-0-11690){ref-type="table"}).

[Table III](#tIII-ol-0-0-11690){ref-type="table"} shows the sum of staining intensity and scores of survivin immunopositive cells in association with the clinicopathological characteristics. A significant association was observed between the sum of survivin positive cell scores and staining intensity, and patient age (P=0.028), histological grade (P\<0.001), clinical stage (P=0.018) and presence of fallopian tube and/or ovarian invasion (P=0.039). No significant correlation was identified with histological type (P=0.141), depth of myometrial invasion (P=0.083), presence of lymph-vascular space invasion (P=0.107) or tumor necrosis (P=0.240).

### Correlation between survivin expression and concomitant p53 or PTEN expression and clinicopathological parameters

This experiment utilized data from all the endometrial carcinomas of endometrioid, papillary serous and clear cell histological type. Immunopositivity for survivin was identified in 88% (87/99) of cases, according to the scores of immunopositive endometrial carcinoma cells, immunostaining intensity or the sum of positive cell scores and staining intensity; the same frequency was identified in all 3 staining categories. Our previous study described PTEN and p53 expression in endometrial adenocarcinomas from Greek patients ([@b43-ol-0-0-11690]). The overall rate of PTEN and p53 positivity was 77 and 89%, respectively, according to the sum of staining intensity and positive cell scores. A survivin(−)/PTEN(+), survivin(−)/p53(+) or survivin (−)/PTEN(+)/p53(+) expression was identified in 6.1, 6.1 and 3.0% of patients respectively. A survivin(+)/PTEN(−), or survivin(+)/p53(−) or survivin (+)/PTEN(−)/p53(−) expression was identified in 25.3, 10.1 and 28.3% of patients, respectively. Concurrent survivin, PTEN and p53 expression (scores and intensity) was found in 59 (60%) endometrial adenocarcinomas, 56 which were endometrioid endometrial adenocarcinomas (95%). [Figs. 5](#f5-ol-0-0-11690){ref-type="fig"} and [6](#f6-ol-0-0-11690){ref-type="fig"} show the immunohistochemical staining patterns of PTEN and p53 in endometrial carcinomas, respectively.

The correlation between survivin and PTEN expression was investigated using Spearman\'s correlation coefficient. According to the proportion of immunopositive cell scores, there was a co-expression of survivin and PTEN in 25.8% of cases (16/62), as compared to 74.2% without such co-expression. The findings were not statistically significant (P=0.062, ρ=−0.238), but they were suggestive for a correlation between the survivin and PTEN positive cell scores. The correlation between the positive cell scores of survivin and PTEN is presented in the scatterplot ([Fig. 7A](#f7-ol-0-0-11690){ref-type="fig"}). Cases with high immunopositive survivin scores tended to have low scores of PTEN immunostaining.

According to the intensity of staining there was a coexistence of survivin and PTEN expression in 23.8% of cases (15/63), as compared to 76.2% without such co-expression. The findings were not statistically significant (P=0.119, ρ=−0.198). The correlation between the intensity of survivin and PTEN immunopositivity is presented in the scatterplot ([Fig. 7B](#f7-ol-0-0-11690){ref-type="fig"}).

According to the sum of staining and positive cell scores, there was a coexistence of survivin and PTEN expression in 32.3% of cases (20/62), as compared to 67.7% without such co-expression. The findings were not statistically significant (P=0.399, ρ=−0.109). The correlation between the sum of survivin and PTEN immunopositivity is presented in the scatterplot ([Fig. 7C](#f7-ol-0-0-11690){ref-type="fig"}).

In addition, the correlation between survivin and p53 expression was investigated using Spearman\'s rank correlation. According to the proportion of immunopositive cell scores there was a coexistence of survivin and p53 expression in 46.8% of cases (36/77), as compared to 53.2% without such co-expression. The findings were not statistically significant (P=0.442, ρ=0.089). The correlation between the scores of survivin and p53 immunopositivity is presented in the scatterplot ([Fig. 7D](#f7-ol-0-0-11690){ref-type="fig"}).

According to the intensity of staining there was a co-expression of survivin and p53 in 42.3% of cases (33/78), as compared to 57.7% without such co-expression. The findings were statistically significant (P=0.001, ρ=0.372) and the correlation between survivin and p53 staining intensity is presented in the scatterplot ([Fig. 7E](#f7-ol-0-0-11690){ref-type="fig"}). According to the sum of staining intensity and positive cell scores, there was a co-expression of survivin and p53 in 46.8% of cases (36/77), as compared to 53.2% without such co-expression. The findings were statistically significant (P=0.008, ρ=0.300) and the correlation between survivin and p53 sum immunopositivity is presented in the scatterplot ([Fig. 7F](#f7-ol-0-0-11690){ref-type="fig"}). Therefore, the increase in the intensity or sum (intensity and scores) of survivin expression was associated with an increase in the intensity or sum (intensity and scores) of the p53 expression.

[Tables IV](#tIV-ol-0-0-11690){ref-type="table"}--[IX](#tIX-ol-0-0-11690){ref-type="table"} present the co-expression of survivin with PTEN or p53 immunopositivity in relation to clinicopathological factors in endometrial carcinomas. There was a statistically significant correlation between the co-expression of survivin and PTEN in endometrial carcinomas, according to staining intensity and histologic grade (P=0.023), lymph-vascular space involvement (P=0.007) and presence of fallopian tube and/or ovarian invasion (P=0.031; [Table V](#tV-ol-0-0-11690){ref-type="table"}). Furthermore, there was a statistically significant correlation between the sum of staining intensity and immunopositive cell scores, and the histological type (P=0.020; [Table VI](#tVI-ol-0-0-11690){ref-type="table"}).

In the case of concomitant survivin and p53 expression, there was a statistically significant correlation between the positive cell scores and the patient\'s age (P=0.001), and the presence of fallopian tube and/or ovarian invasion (P=0.027; [Table VII](#tVII-ol-0-0-11690){ref-type="table"}). The staining intensity was correlated with patient age (P=0.014), histological type (P=0.001), clinical stage (P=0.032) and histological differentiation (P\<0.001; [Table VIII](#tVIII-ol-0-0-11690){ref-type="table"}). The sum of immunopositive cell-scores and staining -intensity was correlated with patient age (P=0.001), histological type (P=0.020), clinical stage (P=0.037), histological differentiation (P=0.001) and presence of fallopian tube and/or ovarian invasion (P=0.026; [Table IX](#tIX-ol-0-0-11690){ref-type="table"}).

### Comparison of the immunohistochemical expression of p53, PTEN and survivin among normal, hyperplastic and carcinomatous endometria

[Fig. 8](#f8-ol-0-0-11690){ref-type="fig"} shows the p53 immunohistochemical expression in normal and hyperplastic endometria ([Fig. 8A and B](#f8-ol-0-0-11690){ref-type="fig"}) and absence of p53 expression in a normal endometrium ([Fig. 8C](#f8-ol-0-0-11690){ref-type="fig"}). Therefore, in the case of p53 expression, the staining scores were statistically significantly correlated between normal and hyperplastic endometria (P=0.035); patients with endometrial hyperplasia showed an increased count of high p53 expression scores, while patients with normal endometria showed an increased count of low or moderate p53 scores ([Fig. 9A](#f9-ol-0-0-11690){ref-type="fig"}). In addition, the scores of p53 expression were statistically significantly correlated between normal endometria and endometrial carcinomas (P=0.016); patients with endometrial carcinomas exhibited more p53 positive cell scores than those with normal endometria ([Fig. 9B](#f9-ol-0-0-11690){ref-type="fig"}).

[Fig. 10](#f10-ol-0-0-11690){ref-type="fig"} shows the PTEN immunohistochemical expression in normal and hyperplastic endometria ([Fig. 10A and B](#f10-ol-0-0-11690){ref-type="fig"}) and absence of PTEN expression in a normal endometrium ([Fig. 10C](#f10-ol-0-0-11690){ref-type="fig"}). Therefore, in the case of PTEN expression, there was a statistical significance in the staining intensity of immunopositive cells between normal endometria and endometrial carcinomas (P\<0.001); more patients with endometrial carcinomas exhibited weak or moderate or high PTEN expression intensity, as compared to those with normal endometria ([Fig. 11A](#f11-ol-0-0-11690){ref-type="fig"}). In addition, there was a statistically significant association between the sum of staining intensity and PTEN immunopositive cell scores in normal endometria and endometrial carcinomas (P=0.002); patients with normal endometria showed a lower count of (++) sum of PTEN positive expression, as compared to those with endometrial carcinomas ([Fig. 11B](#f11-ol-0-0-11690){ref-type="fig"}). The intensity of PTEN expression was statistically significantly correlated between endometrial hyperplasias and carcinomas (P=0.002); patients with endometrial hyperplasia exhibited lower counts of moderate and strong PTEN expression than those with endometrial carcinomas ([Fig. 11C](#f11-ol-0-0-11690){ref-type="fig"}). Finally, there was a statistically significant correlation in the sum of staining intensity and positive PTEN cell scores between endometrial hyperplasias and endometrial carcinomas (P=0.006); patients with endometrial hyperplasia exhibited lower counts of (+) and (++) expression, as compared to those with endometrial carcinomas ([Fig. 11D](#f11-ol-0-0-11690){ref-type="fig"}).

[Fig. 12](#f12-ol-0-0-11690){ref-type="fig"} shows the immunohistochemical expression of survivin in normal and hyperplastic endometria ([Fig. 12A-C](#f12-ol-0-0-11690){ref-type="fig"}) and absence of survivin expression in a normal endometrium ([Fig. 12D](#f12-ol-0-0-11690){ref-type="fig"}). In the case of concomitant expression of survivin and p53, according to the proportion of immunopositive cell scores, there was a statistically significant expression of survivin between normal endometria and endometrial carcinomas (P=0.048); patients with endometrial carcinomas demonstrated increased concurrent positive survivin and p53 cell scores as compared to those with a normal endometrium ([Fig. 13A](#f13-ol-0-0-11690){ref-type="fig"}). In the case of concomitant survivin and PTEN expression, according to the intensity of immunopositivity, there was a statistically significant expression of survivin between endometrial hyperplasias and endometrial carcinomas (P=0.008); patients with endometrial carcinomas showed more weak or moderate intensity for concurrent positive survivin and PTEN immunostaining, as compared to those with endometrial hyperplasias ([Fig. 13B](#f13-ol-0-0-11690){ref-type="fig"}). In addition, there was a statistically significant correlation in the sum of staining scores and intensity in the case of survivin and PTEN coexistence between endometrial hyperplasias and endometrial carcinomas (P=0.016); patients with endometrial carcinomas had an increased count of (+) or (++) sum expression for concurrent survivin and PTEN expression, as compared to patients with endometrial hyperplasias.

Discussion
==========

In the present study, the immunohistochemical expression of survivin was examined in 99 endometrial adenocarcinomas from Greek patients. Survivin expression was observed in 88% (87/99) of cases, taking into account the overall histological types and confirming that survivin is a very common genetic alteration in endometrial carcinomas. In the international literature the distribution of survivin expression in endometrial carcinomas was 43--100% ([@b36-ol-0-0-11690],[@b38-ol-0-0-11690],[@b40-ol-0-0-11690],[@b44-ol-0-0-11690],[@b45-ol-0-0-11690]). Lambropoulou *et at* ([@b38-ol-0-0-11690]), also studied the expression of survivin in Greek patients with endometrial carcinomas and found a frequency of only 43%. Brunner *et al* ([@b40-ol-0-0-11690]), identified the expression of survivin in 45% of cases, Pallares *et al* ([@b36-ol-0-0-11690]) in 76%, Chuwa *et al* ([@b45-ol-0-0-11690]) in 86% and Lehner *et al* ([@b44-ol-0-0-11690]) in 100%. These wide variations in the frequency of survivin expression in endometrial carcinomas could be due to a number of reasons, including geographic location, antibodies used, antibody dilutions, interpretation of staining, heterogeneity of endometrial carcinomas and differences in the immunohistochemichal protocols.

In the endometrium, survivin is not exclusively expressed in carcinomas and is therefore not a specific marker for endometrial malignancies. Lehner *et al* identified the mRNA expression of survivin in both normal and malignant endometria ([@b44-ol-0-0-11690]). In addition, Saitoh *et al* ([@b46-ol-0-0-11690]), Konno *et al* ([@b47-ol-0-0-11690]) and Lehner *et al* ([@b44-ol-0-0-11690]) identified the mRNA expression of survivin in normal endometria. However, Saitoh *et al* ([@b46-ol-0-0-11690]) demonstrated that the mRNA expression of survivin in endometrial cancer specimens was significantly higher than in the normal endometria. Ai *et al* ([@b48-ol-0-0-11690]), had the same results as Saitoh *et al* ([@b46-ol-0-0-11690]). The staining of survivin in the present study showed exclusively nuclear localization. A combination of nuclear and cytoplasmic staining for survivin has been described in the international literature. However, Yilmaz *et al* ([@b39-ol-0-0-11690]) did not determine any statistically significant difference between cytoplasmic and nuclear expression.

In the present study, a significant correlation was observed between the sum of staining intensity and scores of survivin immunopositive cells, and patient age (P=0.028), histological grade (P\<0.001), clinical stage (P=0.018) and fallopian tube and/or ovarian invasion (P=0.039). The findings of the present study suggested that survivin may be an indicator of unfavorable outcome in older patients with endometrial carcinomas. In particular, it was found that higher levels of survivin were associated with a higher number of older patients, more cases with higher histological G3 and less cases with G2. In addition, the higher levels of survivin were associated with a larger number of stage II and III patients and a smaller number of stage I patients. However, in previous reports investigating the role of survivin in endometrial cancer, controversial results were obtained. Lambropoulou *et al* ([@b38-ol-0-0-11690]), suggested a significant correlation between survivin expression and histological grade, stage, myometrial invasion and survival rates. Lehner *et al* ([@b44-ol-0-0-11690]), found a correlation between survivin mRNA expression and the histological grade of tumors. Takai *et al* ([@b16-ol-0-0-11690]), reported that survivin expression was significantly associated with histological grade, surgical stage, myometrial invasion and survival rate. On the other hand, Ai *et al* ([@b48-ol-0-0-11690]) did not observe any association with patient age, histological grade or stage of endometrial carcinomas. Pallares *et al* ([@b36-ol-0-0-11690]), had similar results with Ai *et al* ([@b48-ol-0-0-11690]). In addition, Erkanli *et al* ([@b41-ol-0-0-11690]) found no correlation between survivin and the classic prognostic factors for endometrial carcinomas, such as histological grade, stage and myometrial invasion or survival in patients with endometrial carcinomas. Their results were supported by Yilmaz *et al* ([@b39-ol-0-0-11690]) as they did not find any association between survivin expression and the clinical prognostic factors including lymphovascular space involvement and extrauterine spread of disease or survival. Aksoy *et al* ([@b42-ol-0-0-11690]), found no statistical association between survival and prognostic factors such as histological grade, stage, or cytoplasmic and nuclear expression of survivin in endometrial carcinomas. All these differences with regard to the prognostic role of survivin in endometrial carcinoma may be due to different concomitant genetic alterations and different molecular pathways taking place during endometrial carcinogenesis and metastatic expansion. It is possible that the plethora of different concomitant genetic interactions results in a different biological behavior of endometrial carcinomas. In fact, it has been indicated that poor prognosis was associated with concomitant PI3K/AKT and p53 alterations in endometrial carcinomas ([@b49-ol-0-0-11690]). Nout *et al* ([@b50-ol-0-0-11690]), reported that the concomitant activation of p53 with microsatellite instability was a strong genetic prognostic factor for disease-free survival in endometrial carcinomas. It has also been found that the PTEN-positive and phosphorylated-AKT-negative expression is a good predictor of survival in patients with advanced endometrial carcinomas ([@b51-ol-0-0-11690]). In addition to these findings, survivin appears to demonstrate multi-functional action that promotes proliferation, angiogenesis and metastatic spread on top of inhibiting apoptosis ([@b52-ol-0-0-11690]--[@b54-ol-0-0-11690]). In order to determine the exact prognostic significance of the expression of survivin in endometrial carcinoma, a deeper understanding of the interaction of survivin with other genetic alterations that take place during tumor development, progression and metastatic process was required. It appears that molecular interaction between survivin and X-linked inhibitor of apoptosis protein stimulates tumor cell invasion and promotes metastasis ([@b55-ol-0-0-11690]). An association between the co-expression of survivin and the vascular endothelial growth factor-C (VEGF-C) in lymph node metastasis has been identified in breast ([@b56-ol-0-0-11690]), gastric ([@b57-ol-0-0-11690]) and papillary thyroid carcinomas ([@b58-ol-0-0-11690]). All these findings indicated that the regulated expression of VEGF-C by survivin is essential for the invasion and lymphatic metastasis of these tumors ([@b58-ol-0-0-11690]). With regards to the relationship between survivin and p53 at the molecular level, the following are known so far: Functional p53-binding sites have been identified withing the BIRC5 gene promoter, suggesting the possible involvement of p53 in the direct repression of BIRC5 gene promoter activity ([@b59-ol-0-0-11690],[@b60-ol-0-0-11690]). There have been indications that wild-type, but not mutated p53 represses BIRC5 expression upon DNA damage at the transcription level, and regulates normal cell cycle and apoptosis ([@b60-ol-0-0-11690]--[@b62-ol-0-0-11690]). In addition, p53 represses BIRC5 gene promoter activity by counteracting the BIRC5 promoter through the binding of Sp1 factor and hypoxia inducing factor ([@b63-ol-0-0-11690],[@b64-ol-0-0-11690]). It has been found that, in normal endometria, the BIRC5 gene promoter is completely unmethylated, while in endometrial cancers the hypermethylation of the BIRC5 gene promoter blocks the binding of p53 to its promoter region and causes the elevated expression of the survivin protein ([@b65-ol-0-0-11690]). On the other hand, survivin overexpression mediates the p53-dependent apoptotic pathway through the mouse double minute 2 homolog (MDM2) oncoprotein. In fact, it has been shown that the overexpression of survivin causes the promotion of p53 degradation through the inhibition of MDM2 cleavage ([@b66-ol-0-0-11690]). With regards to the association between survivin and PTEN at the molecular level, the survivin gene is negatively regulated by PTEN ([@b67-ol-0-0-11690]). It has been reported that the acute silencing of the survivin gene is essential for endogenous PTEN-mediated tumor suppression through the binding of Forkhead Box O1 (FOXO1) and FOXO2 factors to the proximal survivin promoter in several types of cancers ([@b26-ol-0-0-11690],[@b68-ol-0-0-11690],[@b69-ol-0-0-11690]).

In the present study, we investigated the effects of immunohistochemical PTEN and p53 expression on the expression of survivin in endometrial carcinomas. In our previous study we investigated the distribution of tumor suppressor genes p53 and PTEN in primary endometrial carcinoma specimens acquired from Greek patients and analyzed the clinical significance of the combination of p53 and PTEN expression ([@b43-ol-0-0-11690]). We believe that the present findings are interesting, since the clinical significance of the interplay between the expression of the tumor suppressor genes PTEN and p53, and survivin in endometrial carcinomas remained unknown so far. In our previous study the levels of p53 and PTEN co-expression were found to be correlated with patient age (P=0.08) and histological differentiation (P=0.028), according to the scores of immunopositive cells. We therefore suggested that the concomitant expression of p53 and PTEN may play a role in the development of high-grade endometrial carcinomas in older patients ([@b43-ol-0-0-11690]). In addition, these findings suggested the involvement of different molecular pathways in the development of low- and high-grade endometrial carcinomas ([@b43-ol-0-0-11690]). In the present study, a negative tendency was identified between the scores of survivin and PTEN expression (P=0.062, ρ=−0.238). It appears that cases with high scores of survivin immunoexpression tended to have decreased scores of PTEN immunostaining, and vice versa. This finding is very interesting, as PTEN and survivin are two inverse factors of apoptosis ([@b28-ol-0-0-11690]). This finding was strengthened by the study of Pallares *et al* ([@b36-ol-0-0-11690]), in which they identified a statistically significant negative correlation between survivin and PTEN expression. PTEN and survivin appear to act in opposite ways from each other in endometrial carcinoma, and PTEN modulates the survivin level via the PI3K/AKT pathway ([@b28-ol-0-0-11690],[@b36-ol-0-0-11690]). However, Erkanli *et al* ([@b37-ol-0-0-11690]) did not report such correlation probably due to i) the low number of studied patients with endometrial carcinoma and ii) the fact that no patients with papillary serous or clear cell adenocarcinomas were included in the study. Therefore, further research that includes a larger number of patients is required in order to clarify the exact role of the interaction and relationship between the expression of survivin and that of PTEN in endometrial carcinoma. This could lead to the development of novel target gene therapies for the effective treatment of endometrial carcinoma. In the present study, a statistically significant correlation was identified between the sum of staining intensity and scores of survivin and PTEN immunopositivity and histological type in endometrial adenocarcinomas (P=0.020). In fact, it was found that moderate levels of survivin and PTEN co-expression were associated with a higher frequency of endometrioid histological types, while the high levels of concomitant survivin and PTEN expression were associated with a lower frequency of endometrioid histological types. In cases of concomitant survivin and PTEN expression, a statistically significant correlation was observed according to the staining intensity and histologic grade (P=0.023), presence of lymph-vascular space invasion (P=0.007) and fallopian tube and/or ovarian invasion (P=0.031). These findings suggested that the co-expression of and interaction between survivin and PTEN may play a role in the development of more aggressive endometrial carcinomas. In the present study, in cases with concomitant PTEN and survivin, and according to the intensity of immunochemical positivity, a statistically significant difference in the expression of survivin was identified between endometrial hyperplasias and endometrial carcinomas (P=0.008). In addition, the sum of survivin staining scores and intensity in cases with concurrent PTEN positive staining showed a statistically significance in the expression of survivin between endometrial hyperplasias and endometrial carcinomas (P=0.016). Therefore, the present findings clearly indicated the interaction between survivin and PTEN during endometrial carcinogenesis.

Survivin and p53 co-expression and their association with the clinical behavior and histological types of endometrial carcinomas were investigated in the present study, due to the limited related data in the literature so far. A statistically significantly positive correlation between survivin and p53 concurrent expression was identified based on staining intensity (P=0.001, ρ=0.372) or the sum of staining intensity and scores (P=0.008, ρ=0.300). These findings suggested that these proteins are strongly positively correlated and may share a common molecular pathway through which they regulate each other\'s action and promote endometrial carcinogenesis. Herein, a significant correlation was found between the sum staining intensity and scores of survivin and p53 immunopositivity and age of patients (P=0.001), histological type (P=0.020), clinical stage (P=0.037), histological differentiation (P=0.001) and presence of fallopian tube and/or ovarian invasion (P=0.026). These results showed the synergic action of survivin and p53 and indicated their prognostic value for endometrial cancer. A concomitant expression of survivin and p53 seems to favor the growth of more aggressive endometrial carcinomas in older patients. The concomitant expression of these markers could have a prognostic significance. Survivin and p53 could be important targets for therapeutic interventions in new target gene therapies for endometrial malignancies. A statistically significant difference in the scores of immunohistochemical survivin staining was observed between normal endometria and endometrial carcinomas (P=0.048). The present findings suggested the importance of concurrent survivin and p53 expression for the development of endometrial carcinomas.

In conclusion, the expression of survivin in specific circumstances appears to depend on different concomitant genetic alterations and the different combinations of molecular pathways in endometrial carcinogenesis. This study showed a negative tendency for correlation between the concurrent immunopositive survivin and PTEN cell scores, and suggested their pivotal role in the development of more aggressive tumors in such circumstances. Moreover, the survivin and p53 proteins may share a common molecular pathway, and their combined evaluation may implicate them in the prediction of tumor behavior and prognosis.
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![Positive multifocal nuclear immunohistochemical expression of survivin in endometrial carcinoma. (A) Strong positive staining intensity (arrows). Magnification, ×100. (B) Moderate scores of immunopositive cells (arrows). Magnification, ×200.](ol-20-02-1033-g00){#f1-ol-0-0-11690}

![Positive multifocal nuclear immunohistochemical expression of survivin in endometrial carcinoma. (A) High scores of immunopositive cells (arrows). Magnification, ×200. (B) Strong positive staining intensity and high scores of immunopositive cells (arrows). Magnification, ×400.](ol-20-02-1033-g01){#f2-ol-0-0-11690}

![Immunohistochemical survivin expression in different clinical stages of endometrial carcinoma; (A) 30% of immunopositive cells in clinical stage I; (B) 40% of immunopositive cells in clinical stage I; (C) 60% of immunopositive cells in clinical stage II; (D) 70% of immunopositive cells in clinical stage III. Original magnification, ×100.](ol-20-02-1033-g02){#f3-ol-0-0-11690}

![Moderate and high scores of survivin immunohistochemical expression. (A) Moderate expression, 60%; (B) moderate expression, 70%; and (C) high expression, 80%. Original magnification, ×200.](ol-20-02-1033-g03){#f4-ol-0-0-11690}

![Positive immunohistochemical PTEN staining patterns in endometrial carcinoma. (A) Positive staining; (B) 25%, low score. Original magnification, ×200. PTEN, phosphatase and tensin homolog.](ol-20-02-1033-g04){#f5-ol-0-0-11690}

![Positive immunohistochemical p53 staining patterns in endometrial carcinoma. (A) Moderate score, 30%; (B) high score, 80%; and (C) high score, 90%. Original magnification, ×200.](ol-20-02-1033-g05){#f6-ol-0-0-11690}

![Scatterplot revealing the association between positive survivin immunostaining and PTEN or p53 co-expression. Scatterplot of the association between (A) positive immunostaining scores for survivin and PTEN expression, (B) staining intensity for survivin and PTEN expression, (C) the sum of staining intensity and scores of survivin and PTEN-positive cells, (D) positive immunostaining scores for survivin and p53 expression, (E) staining intensity for survivin and p53 expression, (F) sum of staining intensity and scores of survivin and p53-positive cells. The scatterplots were created with jittering of the position of the data points to avoid overplotting. PTEN, phosphatase and tensin homolog.](ol-20-02-1033-g06){#f7-ol-0-0-11690}

![Immunohistochemical p53 expression and absence of p53 expression in normal and hyperplastic endometria. (A) Moderate positivity of p53 expression in the proliferative phase of a normal endometrium. Original magnification, ×200. (B) Strong positivity of p53 expression in complex endometrial hyperplasia. Original magnification, ×200. (C) Absence of p53 expression in the proliferative phase of a normal endometrium. Original magnification, ×200.](ol-20-02-1033-g07){#f8-ol-0-0-11690}

![p53 immunostaining scores in normal, hyperplastic and carcinomatous endometria. (A) More patients with endometrial hyperplasia had high p53 positive cell scores, as compared with those with normal endometria (P=0.035). (B) More patients with endometrial carcinoma showed positive p53 expression, as compared with those with normal endometria (P=0.016).](ol-20-02-1033-g08){#f9-ol-0-0-11690}

![Demonstration of immunohistochemical PTEN expression and absence of PTEN expression in normal and hyperplastic endometria. (A) Moderate positivity of PTEN expression in the proliferative phase of a normal endometrium. Original magnification, ×100. (B) Moderate positivity of PTEN expression in complex endometrial hyperplasia. Original magnification, ×200. (C) Absence of PTEN expression in the proliferative phase of a normal endometrium. Original magnification, ×100. PTEN, phosphatase and tensin homolog.](ol-20-02-1033-g09){#f10-ol-0-0-11690}

![Immunohistochemical PTEN expression in normal, hyperplastic and carcinomatous endometria. (A) A statistically significant difference in the staining intensity of PTEN immunopositive cells was identified between normal endometria and endometrial carcinomas (P\<0.001). A statistically significant association was identified in (B) the sum of staining intensity and scores of PTEN immunopositive cells (P=0.002), (C) intensity of PTEN expression (P=0.002) and (D) sum of staining intensity and scores of PTEN immunopositive cells (P=0.006) between endometrial hyperplasias and endometrial carcinomas. PTEN, phosphatase and tensin homolog.](ol-20-02-1033-g10){#f11-ol-0-0-11690}

![Demonstration of immunohistochemical survivin expression and absence of survivin expression in normal and hyperplastic endometria. Strong survivin positivity in (A) a normal secretory endometrium (original magnification, ×200), (B) a normal proliferative endometrium (original magnification, ×200) and (C) complex endometrial hyperplasia (original magnification, ×200). (D) Negative immunohistochemical survivin staining in a normal proliferative endometrium. Original magnification, ×400.](ol-20-02-1033-g11){#f12-ol-0-0-11690}

![Findings of immunohistochemical survivin expression in normal, hyperplastic and carcinomatous endometria in the case of concomitant p53 or PTEN immunohistochemical positivity. (A) Proportion of survivin immunopositive cells (scores) with concomitant p53 expression. A statistically significant difference in the expression of survivin was observed between normal endometria and endometrial carcinomas (P=0.048). (B) Intensity of survivin expression with concomitant PTEN expression. A statistically significant difference in the expression of survivin was observed between endometrial hyperplasias and endometrial carcinomas (P=0.008). PTEN, phosphatase and tensin homolog.](ol-20-02-1033-g12){#f13-ol-0-0-11690}

###### 

Associations between clinicopathological characteristics and scores of immunohistochemical survivin expression.

                                           Survivin staining pattern-Scores (%)                                                                                       
  ---------------------------------------- -------------------------------------- ------------------- ----------- ------------------- ----------- ------------------- ---------
  Age, years                                                                                                                                                          
    \<60                                   13 (37.1)                              10.0 (8.0, 17.5)    10 (20.4)   27.5 (25.0, 35.0)   0 (0.0)     --                  0.121
    ≥60                                    22 (62.9)                              15.0 (7.3, 20.0)    39 (79.6)   50.0 (30.0, 60.0)   3 (100.0)   80.0 (80.0, 80.0)   
  Histological type                                                                                                                                                   
    Endometrioid                           33 (94.3)                              10.0 (8.0, 17.5)    41 (83.7)   40.0 (30.0, 50.0)   3 (100.0)   80.0 (80.0, 80.0)   0.241
    Clear cell and papillary serous        2 (5.7)                                17.5 (15.0, -)      8 (16.3)    60.0 (35.0, 67.5)   0 (0.0)     --                  
  Clinical stage                                                                                                                                                      
    I                                      29 (93.5)                              10.0 (8.0, 15.0)    32 (76.2)   37.5 (25.0, 50.0)   0 (0.0)     --                  \<0.001
    II                                     2 (6.5)                                17.5 (15.0, -)      9 (21.4)    60.0 (40.0, 60.0)   1 (33.3)    80.0 (80.0, 80.0)   
    III                                    0 (0.0)                                --                  1 (2.0)     70.0 (70.0, 70.0)   2 (66.7)    80.0 (80.0, 80.0)   
    IV                                     0 (0.0)                                --                  0 (0.0)     --                  0 (0.0)     --                  
  Histological differentiation                                                                                                                                        
    G1                                     11 (31.4)                              15.0 (5.0, 5.0)     7 (14.3)    30.0 (25.0, 50.0)   0 (0.0)     --                  \<0.001
    G2                                     22 (62.9)                              10.0 (8.0, 20.0)    23 (46.9)   30.0 (25.0, 50.0)   0 (0.0)     --                  
    G3                                     2 (5.7)                                17.5 (15.0, 15.0)   19 (38.8)   60.0 (50.0, 70.0)   3 (100.0)   80.0 (80.0, 80.0)   
  Myometrial invasion                                                                                                                                                 
    \<1/2                                  14 (40.0)                              12.5 (10.0, 16.3)   14 (28.6)   30.0 (25.0, 38.8)   0 (0.0)     --                  0.255
    ≥1/2                                   21 (60.0)                              15.0 (5.0, 20.0)    35 (71.4)   50.0 (30.0, 60.0)   3 (100.0)   80.0 (80.0, 80.0)   
  Lymph-vascular space invasion                                                                                                                                       
    Positive                               3 (15.8)                               15.0 (8.0, -)       6 (17.1)    45.0 (37.5, 60.0)   2 (100.0)   80.0 (80.0, 80.0)   0.040
    Negative                               16 (84.2)                              15.0 (8.0, 15.0)    29 (82.9)   40.0 (27.5, 60.0)   0 (0.0)     --                  
  Fallopian tube and/or ovarian invasion                                                                                                                              
    Positive                               3 (20.0)                               20.0 (15.0, -)      10 (41.7)   60.0 (45.0, 60.0)   2 (100.0)   80.0 (80.0, 80.0)   0.073
    Negative                               12 (80.0)                              10.0 (8.0, 15.0)    14 (58.3)   45.0 (25.0, 62.5)   0 (0.0)     --                  
  Tumoral necrosis                                                                                                                                                    
    Yes                                    2 (11.1)                               17.5 (15.0, -)      3 (9.7)     60.0 (60.0, -)      2 (100.0)   80.0 (80.0, 80.0)   0.017
    No                                     16 (88.9)                              12.5 (8.0, 15.0)    28 (90.3)   35.0 (26.3, 57.5)   0 (0.0)     --                  

IQR, interquartile range.

###### 

Associations between clinicopathological characteristics and intensity of immunohistochemical survivin expression.

                                           Survivin staining pattern-intensity (%)               
  ---------------------------------------- ----------------------------------------- ----------- -------
  Age, years                                                                                     
    \<60                                   16 (36.4)                                 7 (16.3)    0.051
    ≥60                                    28 (63.6)                                 36 (83.7)   
  Histological type                                                                              
    Endometrioid                           42 (95.5)                                 35 (81.4)   0.049
    Clear cell and papillary serous        2 (4.5)                                   8 (18.6)    
  Clinical stage                                                                                 
    I                                      36 (92.3)                                 25 (67.6)   0.012
    II                                     3 (7.7)                                   9 (24.3)    
    III                                    0 (0.0)                                   3 (8.1)     
    IV                                     0 (0.0)                                   0 (0.0)     
  Histological differentiation                                                                   
    G1                                     14 (31.8)                                 4 (9.3)     0.001
    G2                                     25 (56.8)                                 20 (46.5)   
    G3                                     5 (11.4)                                  19 (44.2)   
  Myometrial invasion                                                                            
    \<1/2                                  21 (47.7)                                 7 (16.3)    0.003
    ≥1/2                                   23 (52.3)                                 36 (83.7)   
  Lymph-vascular space invasion                                                                  
    Positive                               0 (0.0)                                   11 (33.3)   0.002
    Negative                               23 (100.0)                                22 (66.7)   
  Fallopian tube and/or ovarian invasion                                                         
    Positive                               3 (18.7)                                  12 (48.0)   0.097
    Negative                               13 (81.3)                                 13 (52.0)   
  Tumoral necrosis                                                                               
    Yes                                    1 (4.3)                                   6 (21.4)    0.112
    No                                     22 (95.7)                                 22 (78.6)   

###### 

Associations between clinicopathological characteristics and sum of stain intensity and scores of survivin expression.

                                                       IHC results for survivin, n (%)                           
  ---------------------------------------- ----------- --------------------------------- ----------- ----------- ---------
  Age, years                                                                                                     
    \<60                                   23 (26.4)   6 (33.3)                          13 (38.2)   4 (11.4)    0.028
    ≥60                                    64 (73.6)   12 (66.7)                         21 (61.8)   31 (88.6)   
  Histological type                                                                                              
    Endometrioid                           77 (88.5)   17 (94.4)                         32 (94.1)   28 (80.0)   0.141
    Clear cell and papillary serous        10 (11.5)   1 (5.6)                           2 (5.9)     7 (20.0)    
  Clinical stage                                                                                                 
    I                                      61 (80.3)   15 (100.0)                        27 (87.1)   19 (63.3)   0.018
    II                                     12 (15.8)   0 (0.0)                           4 (12.9)    8 (26.7)    
    III                                    3 (3.9)     0 (0.0)                           0 (0.0)     3 (10.0)    
  Histological differentiation                                                                                   
    G1                                     18 (20.7)   8 (44.4)                          6 (17.6)    4 (11.4)    \<0.001
    G2                                     45 (51.7)   10 (55.6)                         22 (64.7)   13 (37.1)   
    G3                                     24 (27.6)   0 (0.0)                           6 (17.6)    18 (51.4)   
  Myometrial invasion                                                                                            
    \<1/2                                  28 (32.2)   9 (50.0)                          12 (35.3)   7 (20.0)    0.083
    ≥1/2                                   59 (67.8)   9 (50.0)                          22 (64.7)   28 (80.0)   
  Lymph-vascular space invasion                                                                                  
    Positive                               11 (19.6)   0 (0.0)                           3 (14.3)    8 (30.8)    0.107
    Negative                               45 (80.4)   9 (100.0)                         18 (85.7)   18 (69.2)   
  Fallopian tube and/or ovarian invasion                                                                         
    Positive                               15 (36.6)   0 (0.0)                           5 (33.3)    10 (52.6)   0.039
    Negative                               26 (63.4)   7 (100.0)                         10 (66.7)   9 (47.4)    
  Tumoral necrosis                                                                                               
    Yes                                    7 (13.7)    0 (0.0)                           2 (10.0)    5 (22.7)    0.240
    No                                     44 (86.3)   9 (100.0)                         18 (90.0)   17 (77.3)   

P\<0.05, statistically significant results; 0.05 \<P\<0.10, suggestive results. IHC, immunohistochemistry.

###### 

Co-expression of survivin and PTEN in endometrial carcinoma according to scores of immunopositive cells in relation to clinopathological parameters.

  Characteristics                          Patients with survivin and PTEN low scores positive expression, n (%)   Patients with either survivin or PTEN moderate scores positive expression, n (%)   P-value
  ---------------------------------------- ----------------------------------------------------------------------- ---------------------------------------------------------------------------------- ---------
  Age, years                                                                                                                                                                                          
    \<60                                   4 (57.1)                                                                17 (25.4)                                                                          0.095
    ≥60                                    3 (42.9)                                                                50 (74.6)                                                                          
  Histological type                                                                                                                                                                                   
    Endometrioid                           6 (85.7)                                                                58 (86.6)                                                                          \>0.999
    Clear cell and papillary serous        1 (14.3)                                                                9 (13.4)                                                                           
  Clinical stage                                                                                                                                                                                      
    I                                      7 (100.0)                                                               46 (79.3)                                                                          0.444
    II                                     0 (0.0)                                                                 9 (15.5)                                                                           
    III                                    0 (0.0)                                                                 3 (5.2)                                                                            
  Histological differentiation                                                                                                                                                                        
    G1                                     0 (0.0)                                                                 13 (19.4)                                                                          0.143
    G2                                     6 (85.7)                                                                32 (47.8)                                                                          
    G3                                     1 (14.3)                                                                22 (32.8)                                                                          
  Myometrial invasion                                                                                                                                                                                 
    \<1/2                                  1 (14.3)                                                                22 (32.8)                                                                          0.424
    ≥1/2                                   6 (85.7)                                                                45 (67.2)                                                                          
  Lymph-vascular space invasion                                                                                                                                                                       
    Yes                                    3 (50.0)                                                                8 (18.6)                                                                           0.117
    No                                     3 (50.0)                                                                35 (81.4)                                                                          
  Fallopian tube and/or ovarian invasion                                                                                                                                                              
    Yes                                    0 (0.0)                                                                 11 (35.5)                                                                          0.285
    No                                     4 (100.0)                                                               20 (64.5)                                                                          
  Tumoral necrosis                                                                                                                                                                                    
    Yes                                    1 (20.0)                                                                4 (10.5)                                                                           \>0.999
    No                                     4 (80.0)                                                                34 (89.5)                                                                          

PTEN, phosphatase and tensin homolog.

###### 

Co-expression of survivin and PTEN in endometrial carcinomas according to stain intensity of immunopositive cells in relation to clinopathological parameters.

  Characteristics                          Patients with survivin and PTEN weak positive expression, n (%)   Patients with either survivin or PTEN moderate positive expression, n (%)   Patients with survivin and PTEN strong positive expression, n (%)   P-value
  ---------------------------------------- ----------------------------------------------------------------- --------------------------------------------------------------------------- ------------------------------------------------------------------- ---------
  Age, years                                                                                                                                                                                                                                                 
    \<60                                   1 (9.1)                                                           15 (32.6)                                                                   1 (33.3)                                                            0.145
    ≥60                                    10 (90.9)                                                         31 (67.4)                                                                   2 (66.7)                                                            
  Histological type                                                                                                                                                                                                                                          
    Endometrioid                           9 (81.8)                                                          44 (95.7)                                                                   2 (66.7)                                                            0.098
    Clear cell and papillary serous        2 (18.2)                                                          2 (4.3)                                                                     1 (33.3)                                                            
  Clinical stage                                                                                                                                                                                                                                             
    I                                      8 (88.9)                                                          34 (82.9)                                                                   3 (100.0)                                                           0.366
    II                                     1 (11.1)                                                          4 (9.8)                                                                     0 (0.0)                                                             
    III                                    0 (0.0)                                                           3 (7.3)                                                                     0 (0.0)                                                             
  Histological differentiation                                                                                                                                                                                                                               
    G1                                     6 (54.5)                                                          11 (23.9)                                                                   0 (0.0)                                                             0.023
    G2                                     3 (27.3)                                                          24 (52.2)                                                                   2 (66.7)                                                            
    G3                                     2 (18.2)                                                          11 (23.9)                                                                   1 (33.3)                                                            
  Myometrial invasion                                                                                                                                                                                                                                        
    \<1/2                                  5 (45.5)                                                          17 (37.0)                                                                   0 (0.0)                                                             0.479
    ≥1/2                                   6 (54.5)                                                          29 (63.0)                                                                   3 (100.0)                                                           
  Lymph-vascular space invasion                                                                                                                                                                                                                              
    Yes                                    0 (0.0)                                                           4 (14.3)                                                                    2 (100.0)                                                           0.007
    No                                     9 (100.0)                                                         24 (85.7)                                                                   0 (0.0)                                                             
  Fallopian tube and/or ovarian invasion                                                                                                                                                                                                                     
    Yes                                    1 (16.7)                                                          6 (28.6)                                                                    0 (0.0)                                                             0.031
    No                                     5 (83.3)                                                          15 (71.4)                                                                   0 (0.0)                                                             
  Tumoral necrosis                                                                                                                                                                                                                                           
    Yes                                    0 (0.0)                                                           4 (15.4)                                                                    0 (0.0)                                                             0.516
    No                                     9 (100.0)                                                         22 (84.6)                                                                   0 (0.0)                                                             

P\<0.05, statistically significant results; 0.05\<P\<0.10, suggestive results. PTEN, phosphatase and tensin homolog.

###### 

Co-expression of survivin and PTEN in endometrial carcinomas according to sum of stain intensity and scores of immunopositive cells in relation to clinopathological parameters.

  Characteristics                          Patients with either survivin or PTEN ++ expression, n (%)   Patients with survivin and PTEN +++ expression, n (%)   P-value
  ---------------------------------------- ------------------------------------------------------------ ------------------------------------------------------- ---------
  Age, years                                                                                                                                                    
    \<60                                   17 (29.8)                                                    1 (50.0)                                                0.101
    ≥60                                    40 (70.2)                                                    1 (50.0)                                                
  Histological type                                                                                                                                             
    Endometrioid                             54 (94.7)                                                  1 (50.0)                                                0.020
    Clear cell and papillary serous        3 (5.3)                                                      1 (50.0)                                                
  Clinical stage                                                                                                                                                
    I                                      40 (80.0)                                                    2 (100.0)                                               0.837
    II                                     7 (14.0)                                                     0 (0.0)                                                 
    III                                    3 (6.0)                                                      0 (0.0)                                                 
  Histological differentiation                                                                                                                                  
    G1                                     12 (21.1)                                                    0 (0.0)                                                 0.363
    G2                                     32 (56.1)                                                    1 (50.0)                                                
    G3                                     13 (22.8)                                                    1 (50.0)                                                
  Myometrial invasion                                                                                                                                           
    \<1/2                                  18 (31.6)                                                    0 (0.0)                                                 0.425
    ≥1/2                                   39 (68.4)                                                    2 (100.0)                                               
  Lymph-vascular space invasion                                                                                                                                 
    Yes                                    8 (21.6)                                                     1 (50.0)                                                0.272
    No                                     29 (78.4)                                                    1 (50.0)                                                
  Fallopian tube and/or ovarian invasion                                                                                                                        
    Yes                                    10 (34.5)                                                    0 (0.0)                                                 0.352
    No                                     19 (65.5)                                                    0 (0.0)                                                 
  Tumoral necrosis                                                                                                                                              
    Yes                                    5 (14.7)                                                     0 (0.0)                                                 0.687
    No                                     29 (85.3)                                                    0 (0.0)                                                 

P\<0.05, statistically significant results; 0.05\<P\<0.10, suggestive results. PTEN, phosphatase and tensin homolog.

###### 

Co-expression of survivin and p53 in endometrial carcinoma according to scores of immunopositive cells in relation to clinicopathological parameters.

  Characteristics                          Patients with survivin and p53 low scores positive expression, n (%)   Patients with either survivin or p53 moderate scores positive expression, n (%)   P-value
  ---------------------------------------- ---------------------------------------------------------------------- --------------------------------------------------------------------------------- ---------
  Age, years                                                                                                                                                                                        
    \<60                                   5 (71.4)                                                               18 (23.7)                                                                         0.001
    ≥60                                    2 (28.6)                                                               58 (76.3)                                                                         
  Histological type                                                                                                                                                                                 
    Endometrioid                           7 (100.0)                                                              65 (85.5)                                                                         0.676
    Clear cell and papillary serous        0 (0.0)                                                                11 (14.5)                                                                         
  Clinical stage                                                                                                                                                                                    
    I                                      6 (100.0)                                                              52 (78.8)                                                                         0.320
    II                                     0 (0.0)                                                                10 (15.2)                                                                         
    III                                    0 (0.0)                                                                4 (6.1)                                                                           
  Histological differentiation                                                                                                                                                                      
    G1                                     3 (42.9)                                                               13 (17.1)                                                                         0.315
    G2                                     4 (57.1)                                                               38 (50.0)                                                                         
    G3                                     0 (0.0)                                                                25 (32.9)                                                                         
  Myometrial invasion                                                                                                                                                                               
    \<1/2                                  2 (28.6)                                                               27 (35.5)                                                                         0.933
    ≥1/2                                   5 (71.4)                                                               49 (64.5)                                                                         
  Lymph-vascular space invasion                                                                                                                                                                     
    Yes                                    0 (0.0)                                                                11 (22.0)                                                                         0.667
    No                                     4 (100.0)                                                              39 (51.3)                                                                         
  Fallopian tube and/or ovarian invasion                                                                                                                                                            
    Yes                                    0 (0.0)                                                                14 (37.8)                                                                         0.027
    No                                     3 (100.0)                                                              23 (62.2)                                                                         
  Tumoral necrosis                                                                                                                                                                                  
    Yes                                    0 (0.0)                                                                5 (11.1)                                                                          0.618
    No                                     4 (100.0)                                                              40 (88.9)                                                                         

P\<0.05, statistically significant results; 0.05\<P\<0.10, suggestive results.

###### 

Co-expression of survivin and p53 in endometrial carcinoma according to stain intensity of immunopositive cells in relation to clinicopathological parameters.

  Characteristics                          Patients with survivin and p53 weak positive expression, n (%)   Patients with either survivin or p53 moderate positive expression, n (%)   Patients with survivin and p53 strong positive expression, n (%)   P-value
  ---------------------------------------- ---------------------------------------------------------------- -------------------------------------------------------------------------- ------------------------------------------------------------------ ---------
  Age, years                                                                                                                                                                                                                                              
    \<60                                   3 (23.1)                                                         18 (35.3)                                                                  0 (0.0)                                                            0.014
    ≥60                                    10 (76.9)                                                        33 (64.7)                                                                  8 (100.0)                                                          
  Histological type                                                                                                                                                                                                                                       
    Endometrioid                           12 (92.3)                                                        50 (98.0)                                                                  6 (75.0)                                                           0.001
    Clear cell and papillary serous        1 (7.7)                                                          1 (2.0)                                                                    2 (25.0)                                                           
  Clinical stage                                                                                                                                                                                                                                          
    I                                      10 (90.9)                                                        41 (87.2)                                                                  2 (33.3)                                                           0.032
    II                                     1 (9.1)                                                          5 (10.6)                                                                   3 (50.0)                                                           
    III                                    0 (0.0)                                                          1 (2.1)                                                                    1 (16.7)                                                           
  Histological differentiation                                                                                                                                                                                                                            
    G1                                     6 (46.2)                                                         10 (19.6)                                                                  1 (12.5)                                                           \<0.001
    G2                                     7 (53.8)                                                         31 (60.8)                                                                  2 (25.0)                                                           
    G3                                     0 (0.0)                                                          10 (19.6)                                                                  5 (62.5)                                                           
  Myometrial invasion                                                                                                                                                                                                                                     
    \<1/2                                  6 (46.2)                                                         20 (39.2)                                                                  1 (12.5)                                                           0.274
    ≥1/2                                   7 (53.8)                                                         31 (60.8)                                                                  7 (87.5)                                                           
  Lymph-vascular space invasion                                                                                                                                                                                                                           
    Yes                                    1 (14.3)                                                         6 (18.2)                                                                   2 (25.0)                                                           0.799
    No                                     6 (85.7)                                                         27 (81.8)                                                                  6 (75.0)                                                           
  Fallopian tube and/or ovarian invasion                                                                                                                                                                                                                  
    Yes                                    1 (20.0)                                                         6 (27.3)                                                                   4 (66.7)                                                           0.084
    No                                     4 (80.0)                                                         16 (72.7)                                                                  2 (33.3)                                                           
  Tumoral necrosis                                                                                                                                                                                                                                        
    Yes                                    0 (0.0)                                                          3 (10.3)                                                                   1 (14.3)                                                           0.733
    No                                     7 (100.0)                                                        26 (89.7)                                                                  6 (85.7)                                                           

P\<0.05, statistically significant results; 0.05\<P\<0.10, suggestive results.

###### 

Co-expression of survivin and p53 in endometrial carcinoma according to sum of stain intensity and scores of immunopositive cells in relation to clinicopathological parameters.

  Characteristics                          Patients with survivin and p53 + expression, n (%)   Patients with either survivin or p53 ++ expression, n (%)   Patients with survivin and p53 +++ expression, n (%)   P-value
  ---------------------------------------- ---------------------------------------------------- ----------------------------------------------------------- ------------------------------------------------------ ---------
  Age, years                                                                                                                                                                                                       
    \<60                                   2 (50.0)                                             21 (35.6)                                                   0 (0.0)                                                0.001
    ≥60                                    2 (50.0)                                             38 (64.4)                                                   8 (100.0)                                              
  Histological type                                                                                                                                                                                                
    Endometrioid                           4 (100.0)                                            56 (94.9)                                                   6 (75.0)                                               0.020
    Clear cell and papillary serous        0 (0.0)                                              3 (5.1)                                                     2 (25.0)                                               
  Clinical stage                                                                                                                                                                                                   
    I                                      3 (100.0)                                            47 (88.7)                                                   3 (42.9)                                               0.037
    II                                     0 (0.0)                                              5 (9.4)                                                     3 (42.9)                                               
    III                                    0 (0.0)                                              1 (1.9)                                                     1 (14.3)                                               
  Histological differentiation                                                                                                                                                                                     
    G1                                     3 (75.0)                                             11 (18.6)                                                   1 (12.5)                                               0.001
    G2                                     1 (25.0)                                             37 (62.7)                                                   2 (25.0)                                               
    G3                                     0 (0.0)                                              11 (18.6)                                                   5 (62.5)                                               
  Myometrial invasion                                                                                                                                                                                              
    \<1/2                                  2 (50.0)                                             24 (40.7)                                                   0 (0.0)                                                0.100
    ≥1/2                                   2 (50.0)                                             35 (59.3)                                                   8 (100.0)                                              
  Lymph-vascular space invasion                                                                                                                                                                                    
    Yes                                    0 (0.0)                                              7 (18.9)                                                    2 (28.6)                                               0.842
    No                                     2 (100.0)                                            30 (81.1)                                                   5 (71.4)                                               
  Fallopian tube and/or ovarian invasion                                                                                                                                                                           
    Yes                                    0 (0.0)                                              7 (26.9)                                                    3 (60.0)                                               0.026
    No                                     2 (100.0)                                            19 (73.1)                                                   2 (40.0)                                               
  Tumoral necrosis                                                                                                                                                                                                 
    Yes                                    0 (0.0)                                              4 (12.1)                                                    1 (16.7)                                               \>0.999
    No                                     2 (100.0)                                            29 (87.9)                                                   5 (83.3)                                               

P\<0.05, statistically significant results; 0.05\<P\<0.10, suggestive results.
